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Educational attainment is an important determinant of the
earnings potential of individuals. Further, regions with higher
concentrations of highly educated workers tend to exhibit higher
levels of per capita income. West Virginia currently rests on the
wrong end of this equation. Not only does the state have low levels
of college-level educational attainment, but the state also has a very
large share of residents that lack even minimal levels of education.
It is unlikely that the state will make significant, long-term
progress in catching up with the nation without finding ways to in-
crease the share of residents with high levels of educational attainment.
Clearing the Lowest Hurdle
Of the state’s population aged 25 and older in 2000, only
77.1 percent of residents have completed to a high school degree
compared the national level of 84.1 percent. This is one of the
lowest reported levels among the 50 states and the District of Co-
lumbia. As Figure 1 (page 2) shows, states with low levels of high
school educational attainment in 2000 are concentrated in the
South. The northern half of the country fares much better in
terms of this minimal level of education.
Among the states surrounding West Virginia (see Table 1),
Ohio had the highest percentage of high school graduates (87.0
percent) in 2000, while Kentucky was close to West Virginia with
78.7 percent of its residents aged 25 and older with a high school
degree. Both West Virginia and Kentucky are predominantly rural,
which is consistent with the Census Bureau finding that non-
metropolitan areas tend to have low levels of education.
However, we can’t automatically conclude that Kentucky
has larger share of residents with high school degrees than West
Virginia. The random sample procedure used to estimate the at-
tainment rate creates errors (the difference between the survey
estimate and the true values for the population) that may skew the
results. The sample estimate and its standard error help us to con-
struct a confidence interval. A confidence interval is a range that
will include the true value with a known probability.
For example, at a 90 percent confidence interval (used in
the Current Population Survey [CPS] Report), the percentage of
high school graduates in Kentucky is 78.7 percent, plus or minus
Educational Attainment: The Race Is On
State High School Degree Bachelor’s Degree
      or Higher (%)     or Higher (%)
Kentucky 78.7 20.5
(2.0)* (2.0)
Maryland 85.7 32.3
(1.9) (2.6)
Ohio 87.0 24.6
(1.0) (1.3)
Pennsylvania 85.7 24.3
(1.0) (1.2)
Virginia 86.6 31.9
(1.6) (2.2)
West Virginia 77.1 15.3
(1.9) (1.6)
U.S. 84.1 25.6
*Values in parentheses are 1.6 times the standard error of the
estimate. This value, added to and subtracted from the point
estimate, gives the 90 percent confidence interval.
Source: U.S. Census Bureau <www.census.gov>, March 2000.
Levels of Educational Attainment
 for Selected States in 2000
Table 1
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Percent of Population 25 and Older without a High School Degree in 2000
Source: Current Population Survey, U.S. Census Bureau, March 2000
Source: Current Population Survey, U.S. Census Bureau, March 2000
Percent of Population 25 and Older with Bachelor’s Degree or Higher in 2000
Figure 2
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U.S.: 25.6%
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W. Va.: 22.9%
U.S.: 15.9%
3the standard error of 2.0 percent. In layman terms, this means that
there is a 90 percent probability that the true percentage will fall
within the range of 2.0 percentage points above or below the point
estimate. Now, if it so happened that West Virginia’s high school
completion rate (with a standard error of 1.9 percent) was 1.9 per-
centage points above the estimated 77.1, percent while Kentucky’s
rate was 2.0 percentage points below the 78.7 percent, then West
Virginia could in fact have a higher percentage of its population
with a high school degree than Kentucky. We have to exercise some
care in interpreting CPS estimates.
College-Level Education:  The Key to Getting
Ahead
As Figure 2 shows, educational attainment levels of a
bachelor’s degree or better are widely distributed across states. In
general, the West Coast and the Northeast fare better, with the
South Atlantic states generally having lower levels of educational
attainment (measured by a bachelor’s degree or better). As Table 1
also shows, most of West Virginia’s surrounding states were closer to
the national average, while some registered above it. Maryland had
the highest percentage of people in the 25-and-older age group
(32.3 percent with a standard error of 2.6 percent) with a
bachelor’s degree.
While West Virginia remains well below the national share of
college education, there has been progress during the 1990s. Ac-
cording to data from the 1990 Census, 12.3 percent of the state’s
residents age 25 and older had a bachelor’s degree or better. This
was 8.0 percentage points below the national rate of 20.3 percent
in 1990. Estimates for 2000 put the state college-level rate at 15.3
percent, compared to a national rate of 25.6 percent. Thus, the
state has likely increased its share of residents with at least a
bachelor’s degree during the 1990s, but it is also likely that the
state remains well behind the nation.
Education—Occupation—Wages:
Finishing First
Educational attainment is one of the key factors affecting an
individual’s prospects of economic success. This is due to the fact
that highly skilled, specialized employees command higher pay
than unskilled workers. Skill and specialization are both often (but
not always) functions of an individual’s educational attain-
ment. As Table 2 shows for the U.S., just over 30 percent of
employed persons age 25-64 held a high school degree as their
highest level of educational attainment in 2000. Well over 50 per-
cent of employed workers in the U.S. in 2000 had at least
some college-level education.
Note that levels of educational attainment vary by occupa-
tion. Educational attainment levels are much higher in the mana-
gerial, professional, and technical occupations than they are for
sales, administrative, and machine operating occupations. Indeed,
nearly half of the persons with management occupations had a
bachelor’s degree or better. In contrast, 4.8 percent of machine
operators and assemblers held a bachelor’s degree or better
in 2000.
Selected U.S. Earnings and Occupations by Educational Attainment
Percent of Employed People in 2000 with*:
High School Some College or Bachelor’s Advanced
Degree Assoc. Degree Degree Degree
Total Employed, 25 to 64 years 31.7 28.0 20.6 10.4
Executive, Administrative, and Managerial 19.7 28.4 34.2 15.1
Professional Specialty Occupations 5.1 15.9 40.0 38.4
Technicians and Related Fields 21.0 46.2 25.7 5.6
Sales Occupayions 31.2 30.6 28.1 5.1
Administrative Support, including Clerical 40.5 40.9 13.2 1.9
Machine Operators and Assemblers 50.8 21.0 4.1 0.7
Annual Earnings**  in 1999 for all U.S. Workers, age 18+ $24,572 $28,403 $45,678 $67,697
*Highest level of educational attainment.
**As defined in the Current Population Survey, earnings include wage and salary income as well as farm and nonfarm self-employment earnings,
but exclude fringe benefits.
Source: Current Population Survey, March 2000.
Table 2
4As the last line of Table 2 shows, higher educational attain-
ment usually translates into higher earnings in the U.S. The na-
tional earnings data for 1999 compiled by the Census Bureau
shows that average earnings almost double for an individual with a
bachelor’s degree ($45,678) over the average earnings of a high
school graduate ($24,572). Earnings are even higher for those with
advanced degrees.
Occupational wage data (from the West Virginia Bureau of
Employment Programs, shown in Table 3) suggest that the same
trends are present in the West Virginia economy. Management
occupations (which generally require higher levels of educational
attainment) pay higher wages than do sales occupations, for in-
stance. Indeed, in 1999, management occupations in the state paid an
average wage of $46,190, compared to $19,380 for sales
occupations.
Table 3 also shows the large pay gaps between the state and
the nation for similar occupations. This is true for each of the se-
lected occupations, except production jobs, for which wages in the
state are a bit higher than nationally. The pay gaps for occupations
which require the highest levels of educational attainment may
contribute to out-migration of the state’s most educated residents.
However, at this point, assessments of the extent of economic mi-
gration (and its relation to relative pay levels in the state) during the
1990s are based on fragments of sample data. Migration data from
the 2000 Census will eventually tell the tale here.
Educational attainment is an important determinant of eco-
nomic prosperity. High levels of edcuational attainment contribute
to socio-economic well-being for individuals in a particular region
and therefore for the region as a whole. While West Virginia resi-
dents have gradually increased their education levels, they still lag
well behind the nation. Catching up to the nation will require
progress on two fronts: success in generating jobs which require high
levels of education and success in producing highly educated residents.
George W. Hammond, Ph.D.
Director, West Virginia Economic Outlook
Samia Islam
Graduate Research Assistant
Selected Occupational Wages
Occupation* Annual Wages 1999**
West Virginia United States
Management $46,190 $64,740
Business and Financial Operations 36,660 46,100
Computer and Mathematical Fields 42,880 54,930
Sales 19,380 27,060
Office and Administrative Support 20,740 25,310
Production 26,130 25,400
*These occupational categories do not precisely match those in Table 2 due to recent changes in the occupational classification system. The
categories in this table are defined as follows:
Management includes chief executives, sales managers, purchasing managers, education administrators, construction managers, etc.
Business and Financial Operations includes claims adjusters, cost estimators, convention planners, budget analysts, etc.
Computer and Mathematical includes computer programmers, software engineers, systems analysts, operations researchers, statisti-
cians, etc.
Sales includes cashiers, retail salespersons, sales representatives, insurance sales agents, telemarketers, insurance sales agents, etc.
Office and Administrative Support includes bookkeeping and auditing clerks, billing and posting clerks, customer services representa-
tives, secretaries, office clerks, etc.
Production includes first-line supervisors, team assemblers, machinists, welders, cutters, solderers, power plant operators, inspectors,
testers, etc.
**Wages are measured before taxes and fringe benefits
Sources: U.S. Bureau of Labor Statistics, W.Va. Bureau of Employment Programs.
Table 3
5Per Capita* Personal Income in West Virginia by
County: 1990 - 1999
Per Capita Personal Income Average Annual Growth Rate
County 1990 Rank 1999 Rank 1990-1999 Rank
Barbour 10,826 45 15,263 47 3.9 31
Berkeley 15,714 7 23,040 9 4.3 17
Boone 13,855 20 19,843 16 4.1 26
Braxton 11,435 42 16,522 37 4.2 22
Brooke 14,850 13 20,248 14 3.5 40
Cabell 16,654 5 23,794 6 4.0 28
Calhoun 10,155 51 13,841 54 3.5 41
Clay 9,237 54 14,048 52 4.8 8
Doddridge 10,811 46 16,902 35 5.1 4
Fayette 11,859 40 17,787 28 4.6 13
Gilmer 11,631 41 17,088 32 4.4 16
Grant 14,596 14 18,913 25 2.9 53
Greenbrier 14,121 18 19,630 19 3.7 33
Hampshire 11,864 39 16,246 40 3.6 37
Hancock 17,317 3 22,786 10 3.1 52
Hardy 12,930 23 19,469 22 4.7 10
Harrison 15,340 9 23,851 5 5.0 5
Jackson 12,716 27 18,361 27 4.2 24
Jefferson 16,687 4 26,529 3 5.3 2
Kanawha 18,685 2 27,508 1 4.4 15
Lewis 12,360 33 17,058 33 3.6 35
Lincoln 9,780 53 14,261 51 4.3 18
Logan 12,638 28 17,291 29 3.5 38
Marion 15,119 11 20,077 15 3.2 49
Marshall 14,020 19 19,485 21 3.7 34
Mason 12,767 25 17,263 31 3.4 44
McDowell 10,447 49 14,002 53 3.3 47
Mercer 14,995 12 21,256 11 4.0 30
Mineral 13,065 22 18,722 26 4.1 25
Mingo 12,629 29 17,268 30 3.5 39
Monongalia 15,714 8 24,258 4 4.9 6
Monroe 12,298 35 15,281 46 2.4 55
Morgan 13,587 21 20,455 13 4.7 11
Nicholas 12,531 30 16,814 36 3.3 45
Ohio 18,938 1 27,118 2 4.1 27
Pendleton 12,433 32 19,581 20 5.2 3
Pleasants 14,458 15 19,843 17 3.6 36
Pocahontas 12,287 36 19,811 18 5.5 1
Preston 12,476 31 15,855 44 2.7 54
Putnam 15,340 10 23,642 7 4.9 7
Raleigh 14,215 17 20,687 12 4.3 20
Randolph 12,811 24 18,934 24 4.4 14
Ritchie 11,166 43 16,124 41 4.2 23
Roane 10,471 48 15,878 43 4.7 9
Summers 10,050 52 14,647 49 4.3 19
Taylor 10,712 47 15,259 48 4.0 29
Tucker 12,721 26 16,931 34 3.2 48
Tyler 12,075 38 16,336 39 3.4 42
Upshur 12,307 34 16,499 38 3.3 46
Wayne 12,084 37 15,988 42 3.2 51
Webster 9,093 55 13,183 55 4.2 21
Wetzel 14,252 16 19,271 23 3.4 43
Wirt 10,253 50 15,382 45 4.6 12
Wood 16,654 6 23,212 8 3.8 32
Wyoming 11,014 44 14,606 50 3.2 50
West Virginia 14,579 — 20,921 — 4.1 —
U.S. 19,584 — 28,546 — 4.3 —
* Population estimates as of July 1 of the year. These estimates do not reflect information from the 2000 Census.
6Global Climate Change Policy, Coal, and
Technology
Improving technologies for energy production and utiliza-
tion is one of the most promising strategies for controlling carbon
dioxide emissions, which contribute to global climate change. It
may seem that energy efficiency, conservation, and low-emission
energy sources would threaten the coal industry. However, com-
pared to the alternatives, some technology-based strategies may
have the counter-intuitive effect of reducing negative impacts on
coal, even if those technologies apply to other fuels. Because of the
continued significance of efforts to control global warming and
because of the state’s dependence on energy markets, West Vir-
ginia particularly stands to gain from accelerated improve-
ments in energy technologies.
Earlier this year, the Bush Administration announced that it
considered the Kyoto Protocol unworkable and the United States
had no plans to ratify the Protocol. The Kyoto Protocol is a pro-
posed international agreement to limit global climate change by
setting caps for the emissions of greenhouse gases by 38 industrial-
ized countries during the 2008-2012 period. Carbon dioxide is the
most important of six gases regulated in the Protocol. The caps
were to be supplemented with international trading of emission
allowances, credits for emission-reducing projects sponsored in
developing countries, credits for sequestration of carbon dioxide
through land-use change and increased forestry, an enforcement
regime, and an adaptation fund for developing countries.1
Despite some studied ambiguity during the Presidential
campaign,2  this renunciation of the Kyoto Protocol is not all that
surprising. Even before the text of the Kyoto Protocol was negoti-
ated in 1997, the U.S. Senate adopted the Byrd-Hagel resolution
by a vote of 95-0, stating it would not ratify any climate-change
treaty that would reduce U.S. economic growth or that failed to
require participation by all countries. Furthermore, negotiations at
The Hague last November, which were supposed to finalize imple-
menting text for the Protocol, failed due to sharp disagreements
over several key provisions, including rules for emissions trading,
developing-country projects, sequestration credits, and compliance
verification and enforcement.
This does not mean, however, that the issue of global climate
change and the question of policies to limit international emissions
of greenhouse gases will go away. This year the Intergovernmental
Panel on Climate Change, the international body of scientists
charged under the United Nations Framework Convention on
Climate Change with assessing and summarizing the state of know-
ledge about global climate change and its impacts, is releasing its
Third Assessment Report. This report concludes that “Emissions of
greenhouse gases and aerosols due to human activities continue to
alter the atmosphere in ways that are expected to affect the climate”
and estimates that the global average surface temperature “will
increase by 1.4 to 5.8°C over the period 1990 to 2100.”3  The Bush
Administration’s new national energy policy also “recognizes the
seriousness of this global [climate change] issue.”4
West Virginia’s economy is especially vulnerable to the costs
of any policies intended to limit greenhouse gas emissions. The state
is the nation’s second largest producer of coal (the most carbon-
intensive fossil fuel), as well as a significant producer of natural gas.
In addition, several of West Virginia’s most important manufactur-
ing industries, such as chemicals and primary metals, are intensive
consumers of energy. Combined, just eight energy-intensive
sectors—coal, natural gas extraction, electricity, natural gas distri-
bution, chemicals, primary metals, glass, and wood products—
account for over a quarter of the state’s gross state product (GSP).
Using a moderate estimate from the U.S. Energy Information Ad-
ministration of the national economic impacts of adopting the
Kyoto Protocol, an earlier BBER study estimated that West Virginia
would lose 42,800 jobs, 8.1 percent of GSP, and $905 in annual
average wage in 2010 under the Protocol.5  Other climate change
policies with similar effects on greenhouse gas emissions could have
impacts of comparable magnitude.
The remainder of this article is a preliminary assessment of
the ability of new technologies to soften the blow of carbon emis-
sion limits on the coal industry, and thus West Virginia. Technology
strategies are attractive for several reasons. First, global climate
change is a very long-term phenomenon (carbon dioxide stays in
the atmosphere for fifty to two hundred years), leaving ample time
to develop new technologies and replace the economy’s capital
stock. Second, 98 percent of national carbon dioxide emissions are
attributable to combustion of fossil fuels for energy, an area that has
considerable room for improvements in efficiency. Finally, efficiency-
improving technologies reduce the costs of limiting greenhouse gas emis-
sions and may, in some instances, even pay for themselves.
Energy, Electricity, and Carbon
Table 1 displays a set of interlocking accounts that describe
the United States’ consumption of energy, generation of electricity,
and emission of carbon dioxide. The first column shows actual data
from 1999 and the second shows the Energy Information
Administration’s baseline (i.e., with no policy changes or unantici-
pated exogenous events) forecast for 2020. The first block of rows
lists gross domestic product (GDP), consumption of energy mea-
sured in British thermal units (Btu’s) as a common unit, and the
national economy’s resulting energy intensity. Energy is used to
produce goods or services in the residential, commercial, industrial,
and transportation sectors. Petroleum, natural gas, coal, and
renewables are considered primary energy sources, whereas genera-
tion of electricity must be fueled by a primary energy source. Thus,
energy for electricity is divided into the amount actually delivered
for consumption and the amount lost to generating and transmis-
sion inefficiencies.
The second block of rows describes electricity generation.
The Btu’s from primary fuels used in the generation of electricity
equals the sum of energy consumption for electricity deliveries and
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U.S. Carbon Emission Scenarios
Increase Energy Efficiency Generation Efficiency
Actual 1999 Baseline 2020 Cut GDP Natural Gas Renewables/    Petroleum Electricity Natural Gas Coal      Carbon Carbon Intensity
    Nuclear Sequestration         of Coal
GDP (Billions 1996 $) $8,876 $16,515 $14,864 $16,515 $16,515 $16,515 $16,515 $16,515 $16,515 $16,515 $16,515
Energy Consumed (Quadrillion Btu’s)
Petroleum Products 36.95 50.41 45.37 50.41 50.41 43.83 50.41 50.41 50.41 50.41 50.41
Natural Gas 18.11 24.02 21.62 24.02 24.02 24.02 24.02 24.02 24.02 24.02 24.02
Coal 2.65 2.74 2.47 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74
Renewable 2.65 3.65 3.29 3.65 3.65 3.65 3.65 3.65 3.65 3.65 3.65
Electricity
Delivered 11.29 16.39 14.75 16.39 16.39 16.39 14.25 16.39 16.39 16.39 16.39
Losses 24.49 29.81 26.83 25.89 30.64 27.98 24.60 23.44 23.98 29.81 26.61
Total 96.14 127.02 114.32 123.10 127.85 118.61 119.67 120.65 121.19 127.02 123.82
Energy Intensity (Thousand Btu’s per Dollar GDP) 10.83 7.69 7.69 7.45 7.74 7.18 7.25 7.31 7.34 7.69 7.50
Primary Btu’s for Electricity(Quadrillion Btu’s)
Petroleum Products 1.08 0.18 0.16 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Natural Gas 3.85 11.55 10.40 21.27 11.55 16.10 13.47 15.71 16.93 11.55 19.49
Coal 18.78 23.46 21.11 9.82 15.26 17.08 14.19 12.93 12.25 23.46 12.33
Nuclear Power 7.79 6.13 5.52 6.13 10.42 6.13 6.13 6.13 6.13 6.13 6.13
Renewables 3.94 4.66 4.19 4.66 9.40 4.66 4.66 4.66 4.66 4.66 4.66
Imports 0.34 0.22 0.20 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22
Total 35.78 46.20 41.58 42.28 47.03 44.37 38.85 39.83 40.37 46.20 43.01
Electric Generation Efficiency
Petroleum Products 31.6% 36.0% 36.0% 36.0% 36.0% 36.0% 36.0% 36.0% 36.0% 36.0% 36.0%
Natural Gas 32.9% 46.9% 46.9% 46.9% 46.9% 46.9% 46.9% 56.9% 46.9% 46.9% 46.9%
Coal 33.3% 33.4% 33.4% 33.4% 33.4% 33.4% 33.4% 33.4% 43.4% 33.4% 33.4%
Nuclear Power 32.0% 31.9% 31.9% 31.9% 31.9% 31.9% 31.9% 31.9% 31.9% 31.9% 31.9%
Renewables 30.5% 28.9% 28.9% 28.9% 28.9% 28.9% 28.9% 28.9% 28.9% 28.9% 28.9%
Weighted Average 32.6% 36.2% 36.2% 39.5% 35.5% 37.7% 37.4% 42.0% 41.4% 36.2% 38.9%
Transmission Line-Loss (% of Generation+Imports) 5.1% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7% 2.7%
Carbon Content (Million Metric Tons/Quadrillion Btu)
Petroleum Products 17.08 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00 17.00
Natural Gas 14.20 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33 14.33
Coal 25.63 25.61 25.61 25.61 25.61 25.61 25.61 25.61 25.61 25.61 23.05
Nuclear Power 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Renewables 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Weighted Average 15.77 16.09 16.09 14.90 14.34 15.46 15.33 15.20 15.13 16.09 14.81
Carbon Emissions for Energy (Million Metric Tons)
Petroleum Products 649.7 859.9 773.9 859.9 859.9 748.1 859.9 859.9 859.9 859.9 859.9
Natural Gas 311.8 509.6 458.6 648.9 509.6 574.8 537.1 569.2 586.7 509.6 623.4
Coal 549.3 671.1 604.0 321.7 461.1 507.7 433.7 401.4 384.0 671.1 347.4
Nuclear Power 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Renewables 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 1,510.8 2,040.6 1,836.5 1,830.5 1,830.6 1,830.6 1,830.7 1,830.5 1,830.5 2,040.6 1,830.7
Other Carbon Sources 31.7 59.0 53.1 59.0 59.0 59.0 59.0 59.0 59.0 59.0 59.0
Sequestration Credits 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 210.0 0.0
Total Carbon Budget 1,542.5 2,099.6 1,889.6 1,889.6 1,889.6 1,889.6 1,889.6 1,889.6 1,889.6 1,889.6 1,889.6
Carbon Intensity (Metric Tons per Million Dollars) 173.8 127.1 127.1 114.4 114.4 114.4 114.4 114.4 114.4 114.4 114.4
Sources: Actual 1999 and Baseline 2020 scenarios are from U.S. Department of Energy, Energy Information Administration, Annual Energy Outlook 2001. Emissions from other sources in Actual 1999 is from U.S. Department
of Energy, Energy Information Administration, Emissions of Greenhouse Gases in the United States 1999 and prorated with GDP for Baseline 2020. Remaining scenarios are prepared by the author for illustrative purposes.
8losses above. The efficiency of converting energy into electricity
varies by fuel. Energy input (net of imports) times generation effi-
ciency plus imports minus transmission losses equals electric energy
delivered for consumption. For example, delivered electricity for
1999 is calculated as: [(35.78-0.34)*0.326+0.34]*(1-0.051)=11.29.
Notice that coal is the most important fuel for electric generation,
providing 52.5 percent of the input energy in 1999 and 50.8 per-
cent in the 2020 baseline. On the other hand, petroleum products
are the most important when combining electricity generation with
other energy uses because of its importance in transportation.
Renewables include hydropower, as well as wind, solar, biomass,
and other small miscellaneous sources.
The third block of rows in Table 1 shows carbon dioxide
emissions, measured by the mass of carbon contained in those emis-
sions. Coal is the most carbon-intensive fuel; the other fossil fuels
emit some carbon, but not as much, because some of their energy
comes from their hydrogen content. A row near the bottom lists
carbon dioxide emissions from miscellaneous non-energy activities,
primarily industrial processes. Sequestration would subtract from
the total carbon budget by removing some of the carbon dioxide
that had been emitted. Overall, the United States emitted 173.8
metric tons of carbon for every million dollars of GDP pro-
duced in 1999.
Notice that even the baseline forecast for 2020 shows sub-
stantial (26.9 percent) improvement from1999 in carbon intensity.
This is attributable to a 29.0 percent drop in energy intensity. In
turn, improvements in the efficiency of energy consumption and
electricity generation cause this drop in energy intensity. Thus, tech-
nology-driven efficiency improvements are already an important
element of the baseline 2020 scenario. However, aggregate emis-
sions continue to rise because GDP growth is more rapid than these
improvements. The challenge is to accelerate these changes in en-
ergy technologies.
The remaining scenarios in Table 1 illustrate strategies for
satisfying a hypothetical 10 percent (210 million metric tons) cut in
the national carbon emission budget for 2020. These scenarios are
constructed to satisfy both the carbon balance (emissions equal
budget) and energy balance (consumption equals supply) relation-
ships described in the preceding paragraphs. By taking the carbon
budget as fixed, these scenarios apply to a carbon cap policy akin to,
but considerably less stringent than, the Kyoto Protocol. A carbon
tax that lets emissions vary at a cost would generate similar, but not
identical, scenario alternatives. A complete analysis of carbon diox-
ide emission scenarios would go beyond the accounting identities
described here; it would incorporate energy demand and supply
responses to market-determined prices of electricity and the primary
energy sources.
Non-Technological Adaptations
The third column of Table 1 illustrates the simplest, but most
painful, way to reduce carbon emissions—reduce production and,
therefore, incomes. Leaving energy efficiencies and fuel mixes un-
changed, shrinking the economy by 10 percent, would satisfy a
carbon budget that is 10 percent smaller than the baseline.
The fourth and fifth columns describe fuel substitution sce-
narios. In the absence of technological advances beyond those in the
baseline forecast, fuel substitution, especially in the generation of
electricity, is the most realistic strategy for reducing greenhouse gas
emissions. Coal is particularly vulnerable in fuel substitution sce-
narios because it is the most carbon-intensive fuel and is the pre-
dominant fuel for electricity generation. Substituting natural gas for
coal reduces coal consumption for electricity generation by 58.1
percent from the baseline, while substituting nuclear or renewables
reduces coal by 35.0 percent. Substituting nuclear and renewables
requires smaller cuts in coal because these zero-emission energy
sources save more carbon for each Btu switched from coal. The size
of coal reductions depends on the relative generating efficiencies of
fuels (to maintain the energy balance) and carbon contents (to re-
duce the carbon emission budget).
In the market, fuel substitutions are caused by investment
decisions in anticipation of the costs of generating electricity with
various alternative fuels. Presently, natural gas has the lion’s share of
new generating capacity because of improved efficiency and lower
capital costs. Many existing nuclear power plants are now planning
for relicensing rather than shutting down, as was anticipated a few
years ago. In contrast, the baseline forecast does not include any
new coal or nuclear generating capacity. Even though substitution
to renewables and nuclear does not require changes in technology,
improvements that reduce their costs and/or operating characteris-
tics would make substitution towards those energy sources much
more likely.
Efficiency Scenarios
The sixth and seventh columns describe reductions in the
intensity of energy consumption from petroleum products and
electricity, respectively. These changes could be due to 15 percent
improvements in efficiency (such as in car mileage, air conditioning,
or light bulbs), or by substituting a less energy-intensive mix of
goods and services (for example furniture from wood instead of
plastics and aluminum), or by a mix of the two.
A 15 percent efficiency gain in consumption of petroleum
products saves 111.9 million metric tons of carbon emissions.6 The
remaining 98.1 million metric tons in this, and each of the remain-
ing scenarios, is assumed to come from fuel substitution of natural
gas for coal as already described. Thus the more carbon saved by, for
example, improving car mileage, the less severe the cuts in coal con-
sumption to balance the nation’s carbon budget. The 15 percent
efficiency gain in electricity consumption in the seventh column
saves even more carbon, 168.6 million metric tons, if coal is the
generation fuel reduced. Thus, the electric efficiency scenario doesn’t
need as much natural gas substitution (1.92 quadrillion Btu’s) as the
petroleum efficiency scenario (4.55 quadrillion Btu’s). However,
coal consumption is also less in the electricity efficiency scenario
because the reduction in total electricity generated came out of coal.
The eighth and ninth scenarios in Table 1 describe 10 per-
centage point improvements in electric generating efficiency with
natural gas and coal, respectively. These generating efficiencies influ-
ence the scenarios in two ways. First, they reduce the amount of
carbon emitted when less of the increasingly efficient fuel is burned
to generate the same amount of electricity. This effect saves 15.0
million metric tons of carbon in the natural gas scenario and 54.6
in the coal scenario. The carbon saved is greater for coal because of
9its higher carbon content and because more coal is used for genera-
tion in the baseline scenario. The second effect is to change the rate
at which natural gas can be substituted for coal without changing
the total electricity generated. When natural gas is more efficient, it
will take less natural gas to make up for each Btu of coal reductions,
but when coal becomes more efficient it will take more natural gas
to make up for each Btu of coal. This means that in order to save
additional carbon emissions, more coal has to be replaced with
natural gas when coal’s generating efficiency is higher, because the
increase in natural gas required to substitute cuts into the carbon
savings from switching fuels.
Notice that the coal industry fairs slightly better  in the natu-
ral gas generating efficiency scenario than under the coal generating
efficiency scenario (12.93 quadrillion Btu’s versus 12.25). Technol-
ogy improvements don’t have to be in coal use to help the coal
industry! This surprising comparison arises from the balance of
three components: more carbon is saved initially in the coal effi-
ciency scenario (suggesting the need for less fuel substitution), but
the initial carbon savings come from cuts in coal and, as described
in the previous paragraph, fuel substitution to satisfy the remaining
carbon budget reductions is less effective. This result is an instance
where a carbon budget cap produces results that are different than a
carbon tax would. Under a carbon tax, coal would always be better
off with gains in its own generating efficiency.
Carbon Intensity Scenarios
The final two scenarios address carbon dioxide emissions
directly, rather than indirectly through improvements to energy
efficiency. If carbon dioxide can be removed from the atmosphere
as modelled in the carbon sequestration scenario, there may not be
as great a need to modify the nation’s consumption of fossil fuels.
The scenario in Table 1 has sequestration exactly equal to the gap
in the carbon budget; however, sequestration could remove less, or
even more, carbon dioxide. In addition to land use changes and
forestry practices, researchers are examining various geophysical
processes such as underground or deep-ocean injection, or
iron fertilization of algae.7
Carbon dioxide could also be captured and sequestered at an
electric generating plant. This has the effect of reducing the effective
carbon content of fuels, as in the 10 percent reduction of coal’s
carbon content in the last column of Table 1. In terms of the car-
bon emission and energy consumption relationships in Table 1, this
reduction in carbon content acts just like an improvement in the
efficiency of coal generation. The one, significant, difference is that
in this scenario the cuts in carbon dioxide emissions are accom-
plished without reducing consumption of coal.
David Greenstreet
Research Associate
NOTES
1For more on the Kyoto Protocol and especially the negotiations at The Hague, see Kreft, Steven and David Greenstreet, Global Climate
Change Talks Heat Up: A Summary of COP-6 Negotiations Over the Kyoto Protocol’s Implementing Text, WVU Bureau of Business and Eco-
nomic Research, March 2001.
2While endorsing a plan, later renounced, to limit carbon dioxide emissions of electric power plants, the Bush campaign criticized Gore’s
commitment to Kyoto and publicized job-loss estimates from the BBER and the U.S. Energy Information Administration.
3IPCC Third Assessment Report: Contributions of IPCC Working Groups, Summary for Policymakers: A Report of Working Group 1, pages 5
and 13. Available at http://www.ipcc.ch/.
4National Energy Policy Development Group, Reliable, Affordable, and Environmentally Sound Energy for America’s Future, May 2001.
Available at http://www.whitehonse.gov/energy/.
5Greenstreet, David, Impacts of the Kyoto Protocol on West Virginia’s Economy, WVU Bureau of Business and Economic Research, Decem-
ber 1999. Also see Greenstreet, David, “The Potential Impacts of the Kyoto Protocol on West Virginia,” West Virginia Business and Economic
Review, 6(1), Winter 2000.
6The savings in petroleum (56.41-43.83) quadrillion Btu’s times the carbon content of 17.00 million metric tons per quadrillion Btu’s
equals 111.9 million metric tons, leaving 98.1 in additional reductions to reach the target savings of 210 million metric tons of carbon.
Similarly for electricity, once the 2.14 quadrillion Btu’s change in delivered electricity is converted to an equivalent 6.58 Btu’s change in coal
input for electricity (divide 2.14 by [1- 0.027] for line losses and again by 0.334 for generating efficiency), multiplying by coal’s 25.61 car-
bon content gives the 168.6 million metric tons of carbon emissions saved.
7See the National Energy Technology Laboratory’s web site for more on sequestration: http://www.netl.doe.gov/products/gcc/indepth/carbseq/
seq_ind.htm or energy technology aspects of climate change policy in general at http://www.netl.doe.gov/products/ccps/index-b.html.
The West Virginia Coal and Energy Research Bureau provided
funding for the research described in this article.
Complete versions of the reports Global Climate-Change Talks
Heat Up: A Summary of COP-6 Negotiations Over the Kyoto
Protocol’s Implementing Text by Steven Kreft and David
Greenstreet and Impacts of the Kyoto Protocol on West Virginia’s
Economy by David Greenstreet are available on the BBER’s web
site at http://www.bber.wvu.edu/restitle.htm. Printed versions of
either report are available for $10 each plus 6 percent sales tax.
Contact the BBER at (304) 293-7534 to order these reports.
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Update: Census 2000 Data by W. Va. County
Table1
West Virginia County Population
from Census 2000
Figure1
West Virginia Population Change 1990-2000
HANCOCK
ERSON
HOUN
CAL-
HARRISON
MARIONTYLER
RITCHIE
UPSHUR
LEWIS
OHIO
BARBOUR
BROOKE
GRANT
HARDY
JACKSON
MARSHALL
MINERAL
MONONGALIA
PENDLETON
TAYLOR
WAYNE
WIRT
WOOD
WYOMING
PLEASANTS
NICHOLAS
FAYETTE
GREENBRIER
MONROE
WEBSTER
MERCER
WETZEL
PRESTON
ROANE BRAXTON
CLAY
LINCOLN
RALEIGH
LOGAN
MCDOWELL
BOONE
MINGO
SUMMERS
POCAHONTAS
RANDOLPH
HAMPSHIRE
MORGAN
BERKELEY
JEFF-DODD-
RIDGE
CABELL
PUTNAM
MASON
TUCKER
KANAWHA
GILMER
Data from Census 2000 and Census 1990.
-22.4 – -8.1%
0.1 – -13.1%
13.2 – 28.1%
-8.2 – 0.0%
W. Va.: 0.8%
U.S.: 13.2%
          Population___ Population  Change %
County 1990 2000 1990-2000 Rank
Barbour 15,699 15,557 -0.9 34
Berkeley 59,253 75,905 28.1 1
Boone 25,870 25,535 -1.3 37
Braxton 12,998 14,702 13.1 9
Brooke 26,992 25,447 -5.7 45
Cabell 96,827 96,784 0.0 29
Calhoun 7,885 7,582 -3.8 42
Clay 9,983 10,330 3.5 15
Doddridge 6,994 7,403 5.8 14
Fayette 47,952 47,579 -0.8 32
Gilmer 7,669 7,160 -6.6 46
Grant 10,428 11,299 8.4 11
Greenbrier 34,693 34,453 -0.7 31
Hampshire 16,498 20,203 22.5 3
Hancock 35,233 32,667 -7.3 48
Hardy 10,977 12,669 15.4 7
Harrison 69,371 68,652 -1.0 35
Jackson 25,938 28,000 7.9 12
Jefferson 35,926 42,190 17.4 6
Kanawha 207,619 200,073 -3.6 41
Lewis 17,223 16,919 -1.8 38
Lincoln 21,382 22,108 3.4 16
Logan 43,032 37,710 -12.4 53
Marion 57,249 56,598 -1.1 36
Marshall 37,356 35,519 -4.9 43
Mason 25,178 25,957 3.1 18
McDowell 35,233 27,329 -22.4 55
Mercer 64,980 62,980 -3.1 40
Mineral 26,697 27,078 1.4 24
Mingo 33,739 28,253 -16.3 54
Monongalia 75,509 81,866 8.4 10
Monroe 12,406 14,583 17.5 5
Morgan 12,128 14,943 23.2 2
Nicholas 26,775 26,562 -0.8 33
Ohio 50,871 47,427 -6.8 47
Pendleton 8,054 8,196 1.8 22
Pleasants 7,546 7,514 -0.4 30
Pocahontas 9,008 9,131 1.4 25
Preston 29,037 29,334 1.0 28
Putnam 42,835 51,589 20.4 4
Raleigh 76,819 79,220 3.1 17
Randolph 27,803 28,262 1.7 23
Ritchie 10,233 10,343 1.1 27
Roane 15,120 15,446 2.2 21
Summers 14,204 12,999 -8.5 50
Taylor 15,144 16,089 6.2 13
Tucker 7,728 7,321 -5.3 44
Tyler 9,796 9,592 -2.1 39
Upshur 22,867 23,404 2.3 20
Wayne 41,636 42,903 3.0 19
Webster 10,729 9,719 -9.4 51
Wetzel 19,258 17,693 -8.1 49
Wirt 5,192 5,873 13.1 8
Wood 86,915 87,986 1.2 26
Wyoming 28,990 25,708 -11.3 52
U.S. 248,709,873 281,421,906 13.2 —
West Virginia 1,793,477 1,808,344 0.8 —
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30.4 – 35.2 yrs.
38.9 – 40.0
40.1 – 43.4
W. Va.: 38.9 yrs.
U.S.: 35.3
35.3 – 38.8
Figure 2
West Virginia Median Age by County: 2000
Data from Census 2000.
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West Virginia and United States Economic Indicators
00 Q1 00 Q2 00 Q3 00 Q4 01 Q1 1998 1999 2000
United States
Real GDP (Bil. $1996 Chain-Wtd.) 9,191.8 9,318.9 9,369.5 9,393.7 9,439.9 8,515.6 8,875.7 9,318.5
% Change 4.8 5.6 2.2 1.0 2.0 4.4 4.2 5.0
Consumer Price Index (CPI-U) (1982-84=100)* 169.9 171.7 173.1 174.0 175.7 163.0 166.6 172.2
% Change 4.0 4.3 3.2 2.2 3.9 1.6 2.2 3.4
Total Nonfarm Payroll Employment (Mil.) 130.6 131.6 131.6 131.8 132.2 125.8 128.8 131.4
% Change 2.6 2.9 0.2 0.7 1.2 2.6 2.3 2.0
Unemployment Rate (%) 4.0 4.0 4.0 4.0 4.2 4.5 4.2 4.0
Initial Claims for Unemployment Ins. (Thous.) 276 288 306 337 353 316 296 302
Industrial Production (1992=100) 144.4 147.1 148.4 148.1 146.3 133.7 139.2 147.0
% Change 6.7 7.9 3.5 -0.9 -4.7 4.8 4.1 5.6
Capacity Utilization Rate 82.0 82.6 82.4 81.3 79.5 82.1 81.2 82.1
Housing Starts (Mil.) 1.732 1.605 1.528 1.557 1.639 1.621 1.676 1.605
Retail Sales (Bil.$) 3,197 3,212 3,256 3,259 3,295 2,746 2,996 3,231
% Change 12.8 1.9 5.6 0.4 4.5 5.1 9.1 7.8
Federal Funds Rate* 5.68 6.27 6.52 6.47 5.59 5.35 4.97 6.24
Ten-Year Treasury Note Rate* 6.48 6.18 5.89 5.57 5.05 5.26 5.64 6.03
West Virginia
Total Nonfarm Payroll Employment (Thous.) 733.7 738.8 733.0 736.7 740.3 719.2 726.0 735.6
% Change 2.8 2.8 -3.1 2.0 2.0 1.6 0.9 1.3
Mining 20.4 20.5 20.5 20.5 21.1 23.7 21.3 20.5
% Change -6.9 0.7 1.3 0.0 11.5 -3.7 -10.1 -3.8
Construction 34.3 33.9 32.9 34.3 35.7 34.2 33.6 33.8
% Change 6.5 -4.6 -10.9 17.2 17.8 -2.0 -1.8 0.6
Manufacturing 81.9 80.7 80.2 79.9 79.3 82.4 81.6 80.7
% Change 0.8 -5.7 -2.1 -1.8 -3.0 1.0 -1.0 -1.1
Trans., Comm. and Public Utilities 37.8 37.5 36.8 37.6 37.0 38.4 38.1 37.4
 % Change -2.1 -2.8 -6.9 8.2 -5.9 -1.3 -0.8 -1.8
Trade 164.1 164.1 164.2 165.0 165.4 162.6 163.3 164.2
% Change 0.6 -0.1 0.2 1.9 1.1 0.6 0.4 0.6
Finance, Ins. and Real Estate 29.5 29.5 29.4 29.5 29.7 28.7 29.8 29.5
% Change -0.9 -0.5 -0.9 1.8 1.8 1.8 3.8 -1.0
Services 223.5 225.8 226.3 228.9 230.7 208.3 217.5 226.2
% Change 6.0 4.1 0.9 4.7 3.1 4.7 4.4 4.0
Government 142.2 146.9 142.6 141.1 141.5 140.8 140.9 143.3
% Change 4.3 14.1 -11.3 -4.1 1.1 1.2 0.1 1.7
Unemployment Rate (%) 5.6 5.5 5.4 5.5 5.3 6.6 6.6 5.5
Initial Claims for Unemployment Ins. (Thous.) 1.439 1.509 1.522 1.772 1.388 1.625 1.579 1.561
Average Weekly Hours Coal Mining 44.3 44.5 45.1 46.5 45.4 44.4 43.2 45.1
Average Weekly Hours Manufacturing 41.8 41.4 41.2 40.7 40.8 41.6 41.6 41.3
Average Hourly Earnings Coal Mining ($) 19.29 19.44 19.76 19.52 19.30 19.73 19.34 19.50
% Change -0.9 3.1 6.9 -4.9 -4.5 0.0 -2.0 0.8
Average Hourly Earnings Manufacturing ($) 14.44 14.53 14.70 14.75 14.79 13.72 14.09 14.61
% Change 3.9 2.7 4.7 1.3 1.1 4.3 2.7 3.7
Real Personal Income (Mil. 1996$) 36,464 37,030 36,960 37,195 n/a 35,545 36,054 36,912
% Change 0.5 6.4 -0.7 2.6 n/a 2.9 1.4 2.4
Wage and Salary 17,751 18,163 18,021 18,213 n/a 17,399 17,644 18,037
% Change -2.7 9.6 -3.1 4.3 n/a 2.6 1.4 2.2
Other Labor 2,329 2,350 2,333 2,342 n/a 2,378 2,361 2,339
% Change -2.9 3.8 -2.9 1.5 n/a 1.0 -0.7 -1.0
Proprietors 2,280 2,295 2,293 2,288 n/a 2,172 2,227 2,289
% Change 4.8 2.7 -0.5 -0.8 n/a 4.7 2.5 2.8
Dividends, Interest, and Rent 6,804 6,867 6,892 6,924 n/a 6,322 6,562 6,872
% Change 5.1 3.8 1.4 1.9 n/a 6.1 3.8 4.7
Transfer Payments 8,181 8,245 8,251 8,257 n/a 8,232 8,186 8,233
% Change 1.6 3.2 0.3 0.3 n/a 0.6 -0.6 0.6
Value of Total Housing Permits (Mil.$) 363 300 283 371 432 327 382 329
W. Va. Export-Weighted U.S. Dollar (1980=100)* 139.6 144.3 147.1 152.1 150.2 136.7 136.7 145.8
% Change 9.2 14.1 8.0 14.2 -4.8 7.4 0.0 6.7
Notes:   West Virginia average weekly hours, average hourly earnings, and initial claims for unemployment insurance data are obtained from the
West Virginia Bureau of Employment Programs and seasonally adjusted using seasonal factors derived by the Bureau of Business and
Economic Research. West Virginia employment and the state unemployment rate are seasonally adjusted by the West Virginia Bureau of
Employment Programs. Personal income data are seasonally adjusted by the Bureau of Economic Analysis, U.S. Dept. of Commerce. Compo-
nents may not sum to totals due to rounding. All percent changes are measured from the previous period and expressed as annual rates. Value
of total housing permits data are from the Bureau of the Census, U.S. Dept. of Commerce.
* Not Seasonally Adjusted.
n/a Not Available.
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